
AppendixD-Session 2: Technology& ResourceStatus
HawaliWindpowerWorkshop/ FINAL Report—July29, 1994

2.3 Panel3: Utility Integration Issues

2.3.1 PanelChair~

CharlieSmith - ElectrotekConcepts,Inc., Arlington, Virginia

Presentationcharts follow



a a a a a a a a a a a a a a a a a a a



Utility Integration Issues

Hawaii Windpower Workshop
March 21-22, 1994
Honolulu, Hawaii

Preparedby:

J, CharlesSmith

ElectrotekConcepts,Inc.
2111 WilsonBoulevard,Suite323

Aii~Iington,VA 22201



I
I
I
I
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TechnologyExperiencedin i
Hawaii i
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•RecentEPRI/HELCOStudy
on Small SystemPerformance

• Recommendationsfor theFuture
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Shortcomingsof Conventional
TechnologyExperiencedin Hawaii

• Thoserelated to DC Machineswith
Inverters
— Poor power factor causedvoltageproblems
— Inverters injected large harmonic currents

• Thoserelated to Induction Machines
— Poor power factor causedvoltageproblems
— Wind gustsproducepower fluctuations

• Problems were Magnified in Hawaii due to a
Weak, Isolated Systemwith Poor Frequency
Regulation
— Voltage regulation problem at Kamaoa
— Capacitor failures at Kamaoa
— Harmonic problem at Kealia Substation
— Frequencyregulation problem at Hill 6
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Hawaii Small SystemPerformance Study

• StudySponsoredby EPRI and HELCO

• ScenarioAnalysis Approach

• Six ScenariosIdentified (1991-1994)

• StudyInitiatedby PTI Assuming Conventional
Wind Turbine Technology

• StudyCompletedby ElectrotekIncluding
AdvancedWind Turbines

• Data for HELCO SystemProvided by HECO an

HELCO

• PTI PSStEPrograms Used for Analysis
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Current Situation i

• The existingHELCO SystemPresentsa I
SignificantOperatingChallenge: i

— Operatesisolated
— Operateswithout spinningreserve I
— Operateswith inadequateregulatingcapacity
— Operateswith primitive control system I
— Operateswith severetransmissionconstraints
— Operateswith largedistancebetweenloadand

generation i

• TheExistingHELCO SystemExperiences I
SignificantProblems: i
— Systemfrequencyis difficult to control
— Systemvoltageis difficult to regulate I
— Systemreservemarginsare low
— Poweroutagesareaproblem
— Loadsheddingis increasinglyused
— Rotatingblackoutsareoccasionallynecessary

I
• ConventionalWind TurbinesOnly Aggravatethe

Situation I
I



Advanced Wind Turbine Characteristics

• Power Electronic Interface
— IGBT Power Semiconductors

O Increasingcapability
O Decreasingcost
O Can upgrade to MCT

— High Quality, Low Distortion, Output
Waveform
OMeetsIEEE5l9
O Requiresminimal filtering

— Provides continuously variable reactivepower

• Fast Control Response
— Constant Output During Gusts
— SpinningReserve
— Participatein SystemFrequencyControl

AC

PoweGrk
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Power SystemScenarios

• A: 1991 Maximum Load, 12.5MW Conventional
Wind Turbines

• B: 1991 Minimum Load, 12.5 MW Conventional
Wind Turbines

• C: 1991 Maximum Load, No Wind

• D: 1991 Minimum Load, No Wind

• E: 1994Maximum Load, 12.5 MW Conventional
Wind Turbines,
21 MW AdvancedWind Turbines

• F: 1994Minimum Load, 0 ConventionalWind
Turbines,
21 MW AdvancedWind Turbines



Table 2-1: DescriptIonof Scenarios:
Wind Power Plant Output and BELCODispatch

SCENARIOS

A B C D E F

MW Peak Minimum Peak Minimum Peak Minimum

135 60.0 135,0 60.0 170.5 77,5

12.5 12.5 0.0 0,0 12.5 0.0

MW 10,0 10.0

MW 11.0 11.0

19.7 11.8 19,4 19.4 20.0 12.0

14.2 14.2 14.2 14.2 14.2 19.5

16,4 0.0 16.4 0.0 15.0 0,0

11.6 0.0 11.6 • 0.0 13.2 0.0

CT2, MW 16.0 0.0 16.0 0.0 13.0 0.0

CT3, MW 19.0 0.0

•. 25.0 25.0

15.0 ‘0.0 27.0 0.0 9.0 0.0

Hydros,MW •‘ 33.3 28.7 33.4 35.6 8.6 0.0

138.7 67.2 138.0 69.2 170.5 77.5

a a a a a a a a



Study Objectives

• Examine Impact of Windplants on HELCO
System

• Examine Alternatives for Controlling
Voltage and FrequencyExcursions

• Conduct Parametric Investigation to
Understand Differencesand Probe Limits

• Include Option ofWind Turbine with
Advanced Power Electronic Interface
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Reactive PowerConsiderations i
I

• 1991 SystemConditions I

—Assumeconventional windplant P.F. is
.85 II

—Only problem occurs at minimum load i
with maximum windplant output

I
— Significant reactive flow in cross4sland I

tie i

-10 MVAr capacitorbankrequiredat I
CaptainCooksubstationto maintain I
voltage

I
I
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Scenario B: Minimum Load with Wind Power Plants

at Maximum Power Output

I
Page A—4 (Sheet 1)

I
I

I



TO I~..lJJUK,~
1~3KYJuIU&Z

1.011

1.002

Scenario B: Minimum Load with Wind Power Plants
at Maximum Power Output

TO XAs0(rINUA HXLL

KOLAJ4I

KEAI..1A
lou

wo.a~Po
7)’

so p01w?
1~~ 0.171

Page A-4 (Sheet 2)



a a a a a a a a a a a a a a a a a a a



ReactivePower Considerations

• 1994SystemConditions

— Compare 21 MW of conventionalwind turbines
with 21 MW of advancedwind turbines

— Conventional WTs require 7.5 MVAr morethan
the basecaseto meetvoltage constraints

— AdvancedWTs require 7.5 MVAr lessthan the
basecaseto meetvoltage constraints

— Local VAr sourcereducessystemlosses

— 10 MVAr of reactive compensationrequirement
for conventionWTs

• The Bottom Line
—25% reductionin systemreactivecompensation

providedby advancedwind turbines



Table 3-1: ScenarioE * Power Flow Cases

Total Generation

Output, MW

I
Capanitors OutputKeahole

added,MVAr CombustionTurbine

(CT2) MVr

I
Total SystemLosses

MV~’ (12x)
~

49.6 35.9

—

Cross-islandLine ouJ~
SystemLossesMVAr

BaseCase 181,7 46.1 3.5 43.0

21 MW -Induction
GeneratorWTs

178.6
~

49.8
~

7.3 57.1 30.3 1 33,8I
28.7 32.021 MW -Advanced

Wind Turbine
178.3 37.4 4.7

i
42.1

All casesarefor a peakloadof170.5 MW, correctedvoltagesin thetransmissionsystemarethesame.

3-3
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Power SystemFrequencyRegulation

• PresentOperating Strategy

— Hill 6 regulatesfrequency

— Other units operate with fixed setpoints
with manual controls

— Systemoperateswith no spinning reserve

— Systemoperateswithout Automatic
Generation Control (AGC) system

— Hill 6 haslimited regulating range due to

low fuel pressuretrip
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Other Operating Strategies i
I

• DEFENSIVEDISPATCH STRATEGY i

— Position Hill 6 to Anticipate Load Changes I
O Hill 6 low whenwind is high
O Hill 6 high when wind is low

I
• MODIFY HILL 6 CONTROL STRATEGY

— RemoveIsochronus Control Below 18 MW I
Load and Share the RegulatingDuty with Other
Units I

• AGC STRATEGY
I

— PutAll Units with Governorson AUC

I
I
I
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Simulation Conditions Examined

• PeakLoad

— LossofGeneration
~Hill6
0 Kamaoa
O Geothermal

— Wind Gust
0 10 MW increaseover 1 minute
0 10 MW decreaseover 1 minute

— SinusoidalVariations of Wind
O Low f variations (5 mm) up to 15 MW
O High f variations (30 sec)up to 5 MW

• Minimum Load

— Sameasabove



Table4~2:ScenarioE PeakLoad Case

On-lineUnits ScheduledMW
Maximum Power
Output MW

Spinning
ReserveMW

Existing Wind PowerPlants 12.5 12.5 0,0
NewKamaoaWTs 10.0 10.0 0.0
New Waikoloa WTs 11.0 11.0 0.0
Hill 6 20.0 24.0 4.0
Geothermal 25.0 25.0 0.0
Combustionturbine3, CT3 19 23.6 4.6
Keahole;CT2 13.0 16.0 3.0
Diesels 9.0 9.0 0.0
OtherUnits’ 51.0 63.4 12.4

TOTALS 170.5 194.5 24.01 Other units include Puna, Shiprnan, HCPC, Hamakua, Hill 5 and the

hydro units,

a a a a a a a a a a a



Table 4-4: ScenarioF - Minimum Load Case

On-LineUnits -~ ScheduledMW - MaximumPower
OutputMW

SpinningReserve
MW

NewKamaoaWTs 10.0 10,0 0.0
NewWaikoloa
WTs

11.0
~

11.0 0,0

Hill 6 12.0 14.0 2.0
Hill 51 19.5 33.7 14.2
Geothermal 25,0 25.0 0

TOTALS -~ 77.5 93,7 16.2

2. Hill 5 is a combination of Hill 5, HCPC, and Hamakua.

a a a
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Major Observations

• Lossof Generation

— Sufficient spinningreserveis available
during peak load periods to cover the lossof
the largest unit.

— Wind turbines help anestfrequencydecline.

— Insufficient spinning reserveduring
minimum load conditions results in
frequency decline>.7Hz and load shedding
during the lossof the largestunit.

— This is the limiting caseand wind turbines
are not a factor.

— An alternativeoperatingstrategywith
advancedwind turbinescouldhelpthe
situation,i.e. providespinningreserve.
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I
Major Observations i

• Ramping and Sinusoidal Variations of Wind I
Generation i

— Decreaseof 10 MW in 1 minute is not a I
problem in either the maximum or minimum
load case,given the spinning reserve. I

— Increaseof 10 MW in 1 minute creates I
problems with low load on Hill 6. 1
O Presentand defensivedispatch strategies

cannotpreventHill 6 trip duringpeakload
or minimumload conditions. I

O Speed~droopcontrol andAGC eliminate
problemsfor maximumloadcondition,but
cannotpreventHill 6 tripping during I
minimumloadconditions i

0 Advancedwind turbinessolvetheproblem
by limiting turbineoutputduring I
increasingwind conditions. i

I
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Table 4-5: Summaryof SimulationResultswith ConventionalWind TurbineTechnology

Frequency
Regulation

System Load Loss of Generation RampUp WTs 10
MW, 1 nun.

Ramp Down WTs 10 MW, I
mm

SinusoidalWT Output
Variations

Present
Dispatch
Method

Peak Load Frequency excursion Hill 6 tripped+

~

Hill 6 to maximum output Hill 6 tripped+

Minimum Load Frequency excursion,
Load shedding

Hill 6 tripped+ Hill 6 to maximum output Hilt 6 tripped*+

Defensive
Dispatch
Method

Peak Load Same as Present
Dispatch Method~

Hill 6 tripped+ Hill 6 to maximum output Hill 6 tripped~+

Minimum Load Same as Present
Dispatch Method

Hill 6 tripped÷ Hill 6 to maximum output* Hill 6 tripped*+

lsochronous to
Droop.Speed
Control

Peak Load Same as Present
Dispatch Method. 1

~

Hill 6 backs down
to minimum output

Hill 6 to maximum output* Hill 6 backs down to
minimum output

Minimum Load Same as Present
Dispatch Method~1

Hill 6 tripped+ Hill 6 to maximum output* Hill 6 tripped*+

Automatic
Generation
Control

Peak Load Same as Present
Dispatch method~i

Hill 6 backs down
with other units.

Frequency excursion,
restored to 60 Hz

Hill 6 backs down with
other units~

Minimum Load

.

~ameas Present
I5ispatch Method~ 1

Hill 6 tripped*+ Frequency excursion,
restored to 60 Hz

Hill 6 tripped~+

1 These frequencyregulation methods do not influence the amount of spinning re~er-ve.
* T~e~u1twa~derived from other actual eimulatione
+ Result can be avoided with advanced wind turbine techno1o~y
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FINAL CONCLUSIONS

• From a systemdynamics point of view, to

a first approximation, the limiting factor

for the sizeof the largest wind plant

employing advancedwind turbine

technologyis the sizeof the largest

conventionalunit.

• Advancedwind turbines, either in isolation

or aspart of an AGC strategy with

spinning reserve,offer the opportunityfor

increasedamountsof wind generationand

improvedsystemoperation.
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RECOMMENDATIONS FOR THE FUTURE I
I

• Adopt a spinrnng reservepolicy . -

• ImplementanAGC system

• Evaluateadvancedwind turbinesfor any future
installations

• Look atbenefitsof energystorage,with or I
without renewables I
— Batteriesfor short-term(1-3 hours) storageand

systemoperatingbenefits
— Pumpedhydro for long-term (5-20hours) I

storageandsystemreliability benefits
I

• Look atcombinedpumpedhydro-wateruse
projecttaking waterfrom Hilo to Kona I

Quit talking aboutwind penetrationandstart I
looking atpowersystemplanning,operating,and I
reliability issues.

I
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2.3.2 PanelMembers:

HamishWong—HawaiianElectricCompany(HECO)
Ed DeMeo—ElectricPowerResearchInstitute(EPRI)
JonathanLynch—NorthernPowerSystems(NPS)

PanelResponses

EdDeMeo- ElectricPoux~rResearchInstitute(EPRJ)

Mr. DeMeotook time to discussthe utility groupsthat haveformedto support
the realizationof wind asa viable technology.Two of the principleorganizations
he discussedwere the Utility Wind InterestGroupand theWind UsersSupport
Group.An importantrole wasplayedby membersof the Hawaii utilities during
the formativestagesof thesegroups,Mr. DeMeonoted.

The Utility WindInterestGroup - formedin 1989, this groupis comprisedof 13
utility companymemberstogetherwith supportfrom NTREL, U.S. DOE andEPRL
The groupfunctionsby investigatingcurrentdevelopmentsin thetechnologyand
communicatingthat understandingto theutility industry aswell asotherinterested
parties.

WindUsersSupportGroup- morerecentlyformed,this groupdealsmorewith
the nitty-gritty issuesof how to integratewind into theutility system.Currently,25
utilities areactivemembersandhaveformeda groupof cost-sharedprojectseach
dealingwith specific areas.Resultsfrom theseprojectsareexpectedto offer
insightsintosuchissuesaspredictioncapability, resourceavailability andother
technicalissues.

In addition, thegroupis supportedby organizationsfrom the wind community,
suchasR. Lynette& Associates,providingvaluableinput to utilities interestedin
gettingstartedin developingwind andinitiating the processproperly.

An experiencebasethewind technologyis developingwithin theutility sector,
Mr. DeMeosaid,andheencouragedtheHawaiianIslandsto participatein these
groupsnotonly to gain knowledgefrom othersbut also to bring their own unique
experiencesto the group.

Hawaii hasbeena very goodlaboratoryin areassuchasthe high penetration
of wind and its impacton theutility system,he said.

In addition, thesegroupsarecurrentlyexperiencinga majorexpansionand,
over time, will havean impacton the technologyasit evolves,hesaidin closing.

[NOTK EdDeMeo’spresentationchartsfollow thispqge.1

1



Utility Wind Interest Group (UWIG)
Formed by utilities mid 1989 with DOE and EPRI support

Current membership: 13 utilities

Mission: Expedite appropriate integration of wind power
for utility applications

Strategy: Understand and communicatestatusand issues
experienceexchange
wind industry interactions
brochuresand seminars

Six brochures published; several in process

— — — — — — — — — — — —



— — — — — — — — — — — — a. — — — — — —

EPRI Wind UsersSupport Group
• Formed by EPRI in 1993 with DOE/NREL

cooperation

• Identify and addresskey integration issues

• Cost-sharedprojects

• In-depth experienceexchange

• Initial membership: 22 utilities



Wind UsersSupport Group
Initial Projects List

1 Wind Energy for Utilities Primer

2~Wind ResourcePlanning Frameworks

3~Regional Reliability Council Accreditation
& Short-term Hourly Energy Forecasts

Methodologies
& Interannual Variability Assessment

Methodologies
6~Environmental Issues(Avian, Visual,

Noise,etc~)
7~Electrical Interconnection Description

— — a. a. a. a. — — a. a. a. a. a. a.
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Hamish Won.~g— Hawaiian ElectricCompany(HECO)

Februarywasa good for monthfor wind generation,accordingto Mr. Wong,
with 6 -7 MW of wind powergeneratedduring peakhoursat somewind sitesand
2-3 MW generatedduring low times.

The intermittencyof wind generationin Hawaii is suchthat you arefacedwith
it from hourto hour. Thatkind of wide variationand theimpactof how it appears
on the customer’sside remainsto beseen,Mr. Wongsaidin referencingCharlie
Smith’s recommendationfor utility systemplanning.This issuein Hawaii needs
more careful studybeforewecanconcludethat the sizeof the wind farm should
be limited to thesizeof the largestconventionalunit available,he said.

With regardsto evaluating21 MW of advancedwind turbinesmentionedin Mr.
Smith’spresentation,Mr. Wongstatedthat whetheror not HECO canstepup to
thewind powercapacityof 21 MW remainsto be seen.Presently,HELCOuses
turbineswith 12 MW wind capacityfor powergenerationon theBig Island and
theseturbinespresentsystemproblems,he saidacknowledgingthe fact that these
units areconventionalturbines.

As for installingan automaticgenerationcontrol (AGC) systemto help the
systemacceptmorepowergeneration,Mr. Wongnotedthat HELCO is considering
installingoneon theBig Island in a coupleof years.

In closing,Mr. Wong affirmed his belief in the anenergysystemasa promising
conceptfor minimizing theimpactof intermittentpowervariationson an
operatingsystem.

JonathanLynch— NorthernPowerSystems(NPS)

Speakingfrom the perspectiveof NorthernPowerSystems,a manufacturerof
wind turbinesand its parentcompany,New World Power,a developerof overall
projects,Mr. Lynch said heviewed the work by EPRI andElectrotekto be
extremelyimportantandvaluablein designingsystemsfor wind power.

Whetheror not it wantedto be, Hawaii is a pioneerin utility scalesystemsfor
wind turbineson soft grids, he saidnotingthat his organizationdid not run into
the sameproblemsin developingsystemsat the samelevel on the mainland.

PresentlyNorthernPower SystemsandNew World Powerarebridgingfrom
isolatedvillage systemsof up to 50 -100 kW throughsmall MW wind systemsand
up to fully integratedutility grid systems.

NPS is dealingwith the sameissuesand thesameanalysesasEPRI and
Electrotekin addition to thesimulationprogramsgoing on now to work with
theseissues.Advancedwind turbines,separatefrom overall systemanalyses,offer

5
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I
frequencycontrol andeasilydispatchablepowerratingswith theability to control
the overallpower level of the wind farm. 1

He addedthat NorthernPowerSystemsis starting to addstorageto its smaller
systems(50 - 200 kW). For one to two hoursof storagein a 50 to 100 kW size
system,100%wind penetrationwasobtainedand frequencywasheldwithin ½of
a hertzwith a fluctuating load level. Whenthe economicsand the technology
improves,particularlyaspump hydrostoragebecomesavailable,thesefull I
featuredmodelsmaybe availablefor largersystems.

In closing, henoted that the key lessonlearnedby the industryhasbeenthat I
wind turbinescannotbe installed in isolation. The overall systemmust be
considered.Molokai representsan interestingsitebecauseit is an islandwherea
lot of ideasbeingperfectedin otherplacescanbe applied.Due to its smallerscale I
size,solutionsareeasier.

I
Question:

Giventhat therearea numberofmodf/icationsthatcouldbemadeto improve
theoperationof theRrid, whichofthesearebenefitsprimarilyfor windandwhich
arebeneficialforsystemoperation? I
Answer~

Charlie Smith—ElectrotekConcepts

AGC systemis the largestsingle item that would causethe improvementof the
system’soperationwith or without wind.

Hainish Wong—HawaiianElectricCo.

Solutionsareprimarily a functionof the characteristicof the powersource. I
Therearevarioussolutionsto problemsdependingon thesourceof powerand
the solutionsfor onepowersource(i.e. photovoltaics)maynot work for another I
(i.e. wind). Unfortunately,wearenot at the point yet in Hawaii wherewe can
modulizethe systemandhandleeachpowersourceindividually.

Charlie Smith— Electrotek

It is importantto keepin mind that solutions to frequencycontrol,spinning
reserveandotherproblemsCostmoneyto implementandwe aredealingwith a
situationwhereupgradingthe systemby implementingthesesolutionsrepresents
aninvestmentthat hasto be measuredagainstthe rate impactto the power
consumers.Theultimate questionis, what is therate impactpain level of the rate

PaYerS?

I
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Question:

Whatabouttheaddition ofanother25MWgeothermalunit. Whatux~uldthe
impactbeon thespinningreservewith thelossofanadditional25MWgeothermal
unit?

Answer~

Charlie Smith— Electrotek

If theunitsare independentandconnectedto differentgenerators,step-up
transformersanddifferentbuses,thentheprobabilityof any singleeventaffecting
bothunits is pretty small. If you cantreatthemasindependentevents,thenthe
lossof thelargestunit is still only 25 MW, or maybeonly 12 MW, dependingon
how theexisting systemis connected,e.g. if bothunits areelectricallyand
mechanicallyseparate.

But if you look at thespinningreserveimpactandyou havea minimum load
of 60MW, you will haveto pay a heavypenaltyfor that lossbecauseof the need
to keepenoughunitson-line operatingat minimum loadto be ableto provide
spinningreserveto coverthe lossof the largestunit.

Question:

Whatwouldtheimpacthavebeen~fthepowerfactor on conventionalpower
systemsstartedoffat 95%vers~us85%?Is the 10MWramp rate criteria too severe?

Answec

CharlieSmith— Electrotek

In responseto the first question,the impact is that it just would not have
requiredasmuchto keepthevoltagewithin the boundsof capacitance.Therange
of voltagewas95% to 105%capacitanceandwe only addedcapacitorsif the
voltagerangewent out of the + or- 5% bounds.Insteadof a situationwherethere
is a 15 Mvar requirementbeingcomparedto the conventionalturbines,you might
havehada 7 Mvar requirement.Clearly, it would havereducedtheMvar
requirement.

As to the severityin the assumptionof the 10 MW ramprate, the criteriais an
extremelyconservativedesigncriteria,Mr. Smithsaid,basedon wind datahe has
seenat otherwind sites.

“By that I meanyou don’t normally expect80%outputchangesovera one
minute time span.TheTehachapidatais moretypical but 1 don’t haveanysimilar
wind datafor Hawaii. I don’t know whatkind of variationsyou getor canexpect
here,”hesaidemphasizingthat it is a pretty stiff designcriteria to meet.
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1
Question:

Whatweretheassumptionsmadeaboutthe 10MWchangefrom thewind I
turbineshappeningacrosstheislandsofHawail?

Answec I
Charlie Smith— Electrotek

It was just a MW changeandno assumptionsweremadeaboutwhatsitesit I
was comingfrom. It wasassumedthat theadvancedwind turbineswerelumped
togetherand it wasassumedtherewasa 10 MW changefrom thewind turbines
andwe didn’t look atany permanentspatialdiversity. It wasassumedthat there
wasa 10 MW permanentchange.However,if you experiencethe change
simultaneouslyacrossthe islandsthenyou obviously lose that diversity factorand I
canno longerhavea numberof 10 MW wind plants.Instead,it startsto look like
one 20 to 30 MW wind plant.

Question: I
Whatcriteria didyoubaseyourassumptionon, thata windfarm shouldbe

limited by thesizeofthelargestconventionalunit on the island?

Answec

Charlie Smith— Electrotek I
Theassumptionwasmadeusingthe normalstandardplanningcriteria for

powersystemson themainland.You shouldmaintainsufficient spinningreserve
andoperatingreserveto toleratethe lossof your largestunit on that systemand
maintainits operationalintegrity.

HamisbWong- Hawaiian ElectricCompany 1
The situationin Hawaii is different, Mr. Wong saidoffering asa comparison,

systemsin Europeand on the westcoastof the U.S. where1000 MW is just a I
fraction of a percentof theavailablecapacity.It may be anuncomfortable
situationtherebut it is manageable.

Howeverthat situationis a little different in Hawaii wherethe existingamount
of wind capacityis already8% to 10%during peakload periodsand is probably
evenhigherthanthat during low loadperiods.Therefore,a lossof a largeblock I
of powerin a shortperiodof time would be very hard to handlefrom an
operatingperspective,he said. i
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